Abstract
Materials and Methods
We searched SCOPUS from 1945 till October 2015 for randomized controlled trials comparing these strategies and reporting efficacy and safety outcomes. Six randomized controlled trials were identified and included in the final analyses and review. We followed PRISMA guidelines for network meta-analyses while reporting the current analyses. We collected data on ischemic stroke, major bleeding, and the composite primary safety endpoint as defined by various randomized controlled trials. Network meta-analyses were conducted using consistency and inconsistency models for efficacy and safety outcomes. Surface under the cumulative ranking curve were then utilized to cluster rank these treatments for safety and efficacy.
Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia with increasing incidence and prevalence in the community [1] . Atrial fibrillation is a major risk factor for stroke, cardiovascular morbidity, and mortality and contributes significantly to healthcare burden [2, 3] .
Oral dose-adjusted vitamin K antagonists have been the mainstay of treatment for stroke prophylaxis in patients with non-valvular atrial fibrillation. Multiple novel oral anticoagulants have been tested against dose-adjusted vitamin K antagonists in large randomized controlled trials in a non-inferiority fashion and are currently approved for clinical practice by the United States Food and Drug Administration (FDA) [4] [5] [6] [7] . The WATCHMAN left atrial appendage closure device was recently approved by the FDA to reduce the risk of thromboembolism in patients with non-valvular atrial fibrillation based on the results of two randomized controlled trials comparing WATCHMAN left atrial appendage closure devices with dose-adjusted vitamin K antagonists [8] [9] [10] . No direct comparisons are available from randomized controlled trials testing the different novel oral anticoagulants against each other or left atrial appendage closure devices to novel oral anticoagulants. However, multiple meta-analyses have been previously published comparing novel oral anticoagulants against dose-adjusted vitamin K antagonists for either efficacy or safety outcomes [11] [12] [13] [14] [15] [16] . These analyses are limited by inclusion of studies with non-FDA approved doses, pooling of multiple novel oral anticoagulants and different doses as one group, lack of safety outcomes, and non-inclusion of left atrial appendage closure devices [WATCHMAN (Boston Scientific, Marlborough, MA, U.S.A.)].
The advent of multiple treatment pathways has presented dilemmas for the clinicians with the choice of strategy (newer pharmacological, i.e., novel oral anticoagulants versus anatomical, i.e., WATCHMAN left atrial appendage closure devices) and choice of agent (novel oral anticoagulants versus dose-adjusted vitamin K antagonists) for stroke prophylaxis in non-valvular atrial fibrillation patients. As direct evidence from randomized controlled trials is lacking, indirect comparisons using systematic network meta-analyses can provide useful complementary information that may be less biased than the direct evidence [17, 18] . In addition, a scenario like this provides a unique opportunity to undertake a "trade-off "analysis, which allows for the comparison of both the safety and efficacy profiles of these strategies. With the aforementioned objective, we conducted network meta-analyses to compare the efficacy and safety of all FDA approved treatment strategies of stroke prevention in atrial fibrillation by synthesizing evidence from available randomized controlled trials comparing novel oral anticoagulants, doseadjusted vitamin K antagonists, and left atrial appendage closure devices.
Methods
We report this systematic review and analyses in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) extension statement for network metaanalyses [19, 20] . All phase III randomized controlled trials published between 1966 and October 2015 that compared dose-adjusted vitamin K antagonists with newer treatment strategies, including novel oral anticoagulants and WATCHMAN devices, were identified. All randomized controlled trials reporting data on FDA approved doses of novel oral anticoagulants in the United States and those that reported ischemic stroke in patients with non-valvular atrial fibrillation (regardless of risk profiles and comorbidities) were included. The primary efficacy outcome of interest for our network meta-analyses was ischemic stroke during follow-up. Ischemic stroke was defined as persistent clinical neurologic deficit of vascular origin persisting beyond 24 hours. We used the definition of stroke outlined by the individual trial's authors rather than creating our own. In addition, we also extracted data for major bleeding and the primary safety endpoint. Major bleeding was defined as per the International Society of Thrombosis and Hemostasis [21] . Data from FDA documents for the WATCHMAN trials were utilized to calculate the major bleeding events. The primary safety endpoint was defined as a composite of major bleeding and clinically relevant non-major bleeding in randomized controlled trials of novel oral anticoagulants and a composite of major bleeding and any device-related complications in the WATCHMAN left atrial appendage closure device randomized controlled trials. The detailed definitions of these endpoints are presented in S1 Table. Studies comparing dose-adjusted vitamin K antagonists to aspirin/clopidogrel or any combination thereof were excluded. Studies comparing betrixaban, ximelagatran, idraparinaux, triflusal and indobufen to dose-adjusted vitamin K antagonists were also excluded, as these treatments are not FDA approved in the United States.
Multiple authors (P.A., T.H. and T.T.W.) independently performed an electronic literature search in SCOPUS using a predefined keywords list. A fourth investigator (N.S.B.) verified the search results (S1 Section). All English language human studies published in full-text or abstract forms were eligible for inclusion. After initial abstract review, all potentially relevant studies pertaining to dose-adjusted vitamin K antagonists, left atrial appendage closure devices, and novel oral anticoagulants were identified and the full-text publications were retrieved for detailed evaluation. When more than one publication from the same patient population existed, the study with the most complete data set was included for the meta-analyses. Furthermore, reference lists of potentially relevant reports and reviews were screened to identify other eligible studies. We also searched clinicaltrials.gov and FDA websites for public summary data reported for the included randomized controlled trials. Data quality of the included studies was assessed by two independent investigators (R.K. and T.H.) using the JADAD Score for randomized controlled trials, which examines the methods of randomization, double blinding, and the reporting of dropouts [22] . The GRADE guidelines were used to assess the quality of direct and indirect comparisons [23] . All discrepancies in data extraction were resolved by mutual consensus. The consensus process to resolve disagreements required investigators to discuss the decisions with mandatory recognition of errors from one of the reviewers.
Statistical analyses were performed using Stata 14.0 MP (Stata Corp., College Station, Texas) and study results are reported in accordance with the PRISMA extension statement for reporting of network meta-analyses [24] . Network meta-analyses were conducted using multivariate random effects metaregression to estimate direct and indirect treatment comparisons by fitting a consistency model [25, 26] . These results were graphically presented using interval plots and network forest plots as described by White et al, where the estimates from within the randomized controlled trial and overall network meta-analysis estimates are plotted on a Log scale [26] . The surface under rankogram curve (SUCRA) statistic was estimated from the consistency modeling and rankograms were plotted for individual treatments for efficacy and safety outcomes [27] . We subsequently performed cluster analysis, an exploratory data mining technique for grouping objects, based on their features so that the degree of association is high between members of the same group and low between members of different groups [28] . The treatment strategies were cluster ranked based on SUCRA statistic values estimated from the above analyses to identify best treatment in terms of efficacy and safety, which we termed as "the trade-off" [27] .
Results
We included six eligible randomized controlled trials [4-7, 9, 10] (Fig 1) with 59,627 patients in the analyses (Table 1 and Fig 2, Panel A) . The results of this network meta-analysis are presented in accordance with PRISMA extension statement for reporting of network meta- analyses (S2 Table) . We compared FDA approved doses of novel oral anticoagulants (apixaban 5 mg twice daily, dabigatran 150 mg twice daily, edoxaban 60 mg daily and rivaroxaban 20 mg daily), WATCHMAN left atrial appendage closure device, and dose-adjusted vitamin K antagonists to one another. Dose-adjusted vitamin K antagonist therapy was the common comparator in all studies. The WATCHMAN left atrial appendage closure device was compared to dose-adjusted vitamin K antagonists in two randomized controlled trials whereas the remaining treatment strategies were each compared to dose-adjusted vitamin K antagonists in a single randomized controlled trial. The number of patients in the WATCHMAN left atrial appendage closure device trials was the lowest in comparison with novel oral anticoagulants and doseadjusted vitamin K antagonists. Hence the WATCHMAN left atrial appendage closure device contributed the least to the network of evidence (Fig 2) . The mean/median follow-up period of the trials was 1.5-2.8 years. Based on the JADAD scale, all included studies were categorized as good to excellent ( Table 1) . The direct and indirect comparisons among various strategies varied from high quality (++++) to low quality (++) per the GRADE guidelines (S6 Table) . The mean CHADS2 score was >3 in ROCKET-AF whereas the score varied between 2-3 in other studies ( Table 1) . The baseline antiplatelet therapy and percentage of time in therapeutic range in the dose-adjusted vitamin K antagonist arm among studies is presented in Table 2 . All studies reported ischemic stroke, major bleeding, and the primary safety endpoint.
The odds ratios for ischemic stroke rate comparisons for all possible treatment strategies are presented in S3 Table. All strategies were equivalent in terms of ischemic stroke rates (Fig 3,  Panel A) . We plotted rankograms using SUCRA statistics estimated from consistency modeling (Fig 4) . Dabigatran 150 mg twice daily had the highest probability (~29%) of being the best strategy for ischemic stroke reduction, whereas dose-adjusted vitamin K antagonists and the WATCHMAN left atrial appendage closure device (~4%) had the lowest probabilities of being the best strategy for ischemic stroke reduction. The odds ratios for major bleeding comparisons for all possible treatment strategies (novel oral anticoagulants, WATCHMAN left atrial appendage closure device, and dose-adjusted vitamin K antagonists) are presented in S4 Table. Apixaban had significantly lower rates of major bleeding events than dose-adjusted vitamin K antagonists, dabigatran, and rivaroxaban. Edoxaban had significantly lower major bleeding events than dose-adjusted vitamin K antagonists and rivaroxaban. Apixaban, edoxaban, and the WATCHMAN left atrial appendage closure device had a similar rate of major bleeding events (Fig 3, Panel B) . Apixaban 5 mg twice daily had the highest probability (~86%) whereas dose-adjusted vitamin K antagonists and rivaroxaban had the lowest probability (~0%) of being the best strategy for the lowest major bleeding events (Fig 4) .
The odds ratios to compare the incidence of the composite primary safety endpoint between all possible treatment strategies are presented in S5 Table. Apixaban 5 mg twice daily appeared superior to all strategies with the lowest odds of primary safety events (Fig 3, Panel C) . Apixaban 5 mg twice daily had the highest probability (~99.8%) of being the best strategy for the lowest primary safety endpoint (Fig 4) . Cluster ranking based on SUCRA statistic values for ischemic stroke and primary safety endpoint were used to provide the hierarchical clusters for the six active treatments. Cluster ranking revealed that the cluster containing apixaban, edoxaban, and dabigatran was the best Legend:-= Not reported, N = Number, TTR = Time in therapeutic range, VKA = Dose-adjusted Vitamin K antagonists. * = All patients in the device group received VKA up to 45 days. After that, if there was no evidence of residual left atrial appendage or device peri-leak on transesophageal echocardiography, then the patients were switched to aspirin and clopidogrel for six months after which only aspirin 325mg daily dose was continued for the remainder of the follow-up.
doi:10.1371/journal.pone.0163608.t002 ranked cluster, followed by the cluster containing dose-adjusted vitamin K antagonists and rivaroxaban, whereas the cluster containing WATCHMAN left atrial appendage closure device was ranked the worst (Fig 5) . The direct evidence estimates for the vitamin K antagonists versus novel anticoagulants for all outcomes are quite precise. This is likely due to the large numbers of patients in the trials comparing vitamin K antagonists to novel oral anticoagulants (S1-S3 Figs) . However, the WATCHMAN to vitamin K antagonists comparison direct evidence estimates are obtained from smaller and heterogeneous trials (S1-S3 Figs) . This leads to imprecision and to the downgrading of GRADE evidence of these estimates from 4 to 3 (S6 Table) .
Discussion
Our systematic review and network meta-analyses highlight the diverse risk profiles and significant differences in the composite primary safety endpoint and major bleeding associated with various stroke prophylaxis strategies for patients with non-valvular atrial fibrillation. Overall, all treatment strategies were similar in terms of ischemic stroke rates, which was the primary efficacy outcome of our analysis. Apixaban had lower odds of major bleeding events than doseadjusted vitamin K antagonists, dabigatran, and rivaroxaban. Moreover, apixaban was the best among all available treatments for reducing the overall primary composite safety endpoint, which included rates of major bleeding. Furthermore, in our systematic network meta-analyses, we also report cluster analyses in order to establish a hierarchy for the most efficacious and safe treatment in non-valvular atrial fibrillation patients. These analyses revealed that the cluster containing apixaban, edoxaban, and dabigatran was the best-ranked cluster, followed by the dose-adjusted vitamin K antagonists and rivaroxaban cluster. The cluster containing the WATCHMAN left atrial appendage closure device was ranked the lowest.
The findings of our analysis may have several explanations. We observed similar rates of the primary efficacy outcome, ischemic stroke rate, among novel oral anticoagulants and anatomical (WATCHMAN left atrial appendage closure devices) treatment strategies when compared with dose-adjusted vitamin K antagonists and against each other (Fig 3, Panel A) . This finding may be explained by the fact that interrupting the coagulation cascade by pharmacological agents or placing the WATCHMAN left atrial appendage closure device would be equally efficacious in preventing thrombus formation and subsequent thrombus embolization.
The odds of major bleeding were significantly lower with apixaban and edoxaban, as compared to dose-adjusted vitamin K antagonists (Fig 3, Panel B) . This can be partly explained by the fact that apixaban is a Factor Xa inhibitor with bleeding rates that have been shown to be comparable to aspirin in non-valvular atrial fibrillation patients [29] . Although, rivaroxaban is also a factor Xa inhibitor, we found no differences in the major bleeding rates when compared to dose-adjusted vitamin K antagonists. One possible explanation could be the fact that the ROCKET-AF trial enrolled patients with the mean CHADS2 score >3, unlike other novel oral anticoagulant trials (Table 1 ) [4] . Quantitatively, the CHADS2 score has been significantly correlated with higher bleeding risk in population studies [30] .
Apixaban, dabigatran, and edoxaban had a significantly favorable primary safety endpoint profile (which was defined as a composite of major and clinically relevant non-major bleeding for the novel anticoagulants) when compared with dose-adjusted vitamin K antagonists. Apixaban was superior to all available treatment options including the anatomical strategy (WATCHMAN left atrial appendage closure device) where the primary safety endpoint was a composite of major bleeding and device-related complications (Fig 3, Panel C) . The lower incidence of the primary safety endpoint in the anatomical strategy (WATCHMAN left atrial appendage closure device) was primarily driven by the higher rate of peri-procedural complication rates in the WATCHMAN left atrial appendage closure device randomized controlled trials [9, 10] . Major bleeding rates for the anatomical strategy (WATCHMAN left atrial appendage closure device) were similar to the newer pharmacological (novel oral anticoagulants) and dose-adjusted vitamin K antagonists, likely due to a smaller number of patients in the device trials and possibly due to use of dose-adjusted vitamin K antagonists in the device arm being limited to the first two months after WATCHMAN left atrial appendage closure device implantation.
Overall, our findings align with those reported in previously published network meta-analyses [11] [12] [13] [14] [15] [16] . However, our analyses also add numerous important findings to the literature. Firstly, we included all stroke prophylaxis strategies (most notably, WATCHMAN left atrial appendage closure devices) and compared them by rankograms in terms of efficacy and safety. Our cluster-ranking analysis has helped to identify the most efficacious and safe strategies. This is of clinical utility as there are multiple FDA approved stroke prophylaxis strategies in patients with non-valvular atrial fibrillation. We also present detailed evidence networks and data derived from FDA Public Summary Documents [31] . Our network meta-analyses also adhere to the most recent PRISMA and GRADE reporting standards (S2 and S6 Tables).
Currently, the stroke prophylaxis guidelines [32] and literature lack the evidence to compare the stroke prophylaxis strategies in terms of efficacy and safety. With the "trade-off "analysis, we have shown that the six available treatments (four novel oral anticoagulants, WATCHMAN left atrial appendage closure devices, and dose-adjusted vitamin K antagonists) can be grouped into three distinct clusters (Fig 5) . These three clusters are based on the probabilities of being the most efficacious and safe for patients with non-valvular atrial fibrillation from available randomized controlled trials data to date. Our analysis also highlights the need to rank these strategies from an efficacy and safety standpoint with direct randomized comparisons in future.
There are several limitations with the analysis we employed. Drawbacks of meta-analyses, in general, are well known. The additional limitations of network meta-analyses may include inconsistency and the complex geometry of networks [33] . We did not observe any statistical inconsistencies and the geometry of our network of evidence was not complex. Nonetheless, we emphasize that current clinical decision-making for stroke prophylaxis in patients with non-valvular atrial fibrillation is often based on incomplete evidence, and large head-to-head randomized trials comparing pharmacology (novel oral anticoagulants) and anatomical (WATCHMAN left atrial appendage closure devices) strategies do not exist and are not foreseeable in the near future. Secondly, there is notable heterogeneity in the patients and the study characteristics among the included randomized controlled trials in our analysis. However, the small number of randomized controlled trials that were eligible for inclusion limits any additional analyses that can be conducted to account for heterogeneity in the absence of patientlevel data. Thirdly, the randomized controlled trials comparing WATCHMAN left atrial appendage closure devices to dose-adjusted vitamin K antagonists are very small relative to randomized controlled trials comparing novel oral anticoagulants to dose-adjusted vitamin K antagonists. We observed heterogeneity between the two randomized controlled trials comparing this approach. Consequently, we reported random effect estimates in our analysis, which may be more conservative. We also note that the left atrial appendage closure strategy in the WATCHMAN trials required use of dual anti-platelet therapy for at least six months after device implantation. We acknowledge that it is difficult to tease out the influence of dual antiplatelet therapy use in WATCHMAN arm on our results, given the lack of a landmark analysis. Finally, despite the use of robust hierarchical clusters and rankograms, our results should not be used to draw causal or mechanistic inferences given the indirect nature of several comparisons. Clinical judgment should prevail in selecting the most beneficial strategy as well as therapy.
Conclusions
Novel oral anticoagulants and anatomical strategies (WATCHMAN left atrial appendage closure devices) are all equally effective for ischemic stroke prevention when compared to dose-adjusted vitamin K antagonists but with different safety profiles. The trade-off between safety and efficacy should be the driving force while individualizing strategy as well as choice of therapy in non-valvular atrial fibrillation patients. Hierarchical ranking of the available treatments, as presented in our analysis, can serve as a useful clinical tool to guide selection of therapy in patients with nonvalvular atrial fibrillation when deciding between dose-adjusted vitamin K antagonists, novel oral anticoagulants and the WATCHMAN left atrial appendage closure device. 
Supporting Information

